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IT HAS BEEN RECOGNIZED for a long time that drugs
given to a pregnant woman may pass through the
placenta into the fetal circulation. It is only com-
paratively recently that the significance of this phe-
nomenon has been recognized, the stimulus to studies
of the question having come from the increasing
evidence of fetal problems traced to the use of
drugs during pregnancy. Although information on
this subject is meager, studies are now rapidly
appearing. The present communication is a brief
summary of some of the practically useful data on
the placental transfer of drugs.
The old concept of the placenta as a "barrier" is

misleading. It is better characterized as a filter. At
any rate, we now know that almost all drugs pass
the placenta and appear in the fetal circulation,
although often the concentration of the drug is a
great deal higher on one side of the placenta than
on the other. The placenta is actively involved in the
transport of certain substances-sodium, for ex-
ample-which may explain the gradient of concen-
tration found. Substances of high molecular weight,
like proteins, pass only slowly and in small amounts
through the placenta. There is some question as to
whether thyrotropic hormone and parahormone
pass at all, and curare given to the mother does not
appear in the fetal circulation.

Differences in placental passage of drugs during
normal as compared with complicated pregnancy
must be defined before drugs can be safely used
during gestation.

Page3l defined the placental membrane as "those
tissues of a developing ovum or embryo which are
in contact with maternal tissues or fluids at any
stage of gestation and which mediate the transfer
of substances from the mother to the fetus or in
the reverse direction." As we learn more about
this problem, his classification of placental transport
mechanisms may be useful in ordering our thinking
about this subject. He used four characteristics as a
basis of classification: (1) The primary physio-
logical significance of substances being transferred,
(2) the relative rates of transfer, (3) the actual
or predominant mechanisms of transport, and (4)
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* In considering drug therapy for pregnant
women, it must be borne in mind that almost
all chemical compounds in use as therapeutic
agents pass from the maternal to the fetal cir-
culation through the placenta. These drugs can
produce a wide range of harmful effects on the
fetus and neonatal infant. The effects of some
substances for which we have data reflecting a
deleterious effect are listed.

It is suggested that in the future more caution
be exercised in using drugs during pregnancy
and that in histories, both obstetrical and pedi-
atric, any therapy given to the mother during
gestation be recorded in detail.

the equality or inequality of distribution of the
substance.

Foulger,12 in discussing the ability of chemicals
to pass natural membranes, grouped chemical com-
pounds into two classes:

1. Those having fairly easy access to the cell
interior, such as gases; those compounds more fat-
soluble than water-soluble, organic bases and union-
ized combinations of weak acids with weak bases;
and

2. Those not able to penetrate membranes easily,
such as compounds with low fat solubility, salts of
organic bases and highly ionized compounds.

These two classifications are more likely to be
useful in thinking about relatively short periods
of exposure of the fetus to the substances, and less
so when a drug is given over longer periods.

After accepting the fact that most compounds
can pass rather easily from the maternal to the fetal
circulation, we must then consider what happens
to them once they arrive. It is a rather general
opinion that the body probably does not have a
specific mechanism for dealing with each new for-
eign compound to which it is exposed and must
adapt existing mechanisms to do the job.48 This
concept of relative lack of specificity of detoxication
mechanisms is not in accord with some studies of
micro-organisms showing that certain bacteria can
synthesize specific proteins that deal with new for-
eign substances. At least in humans these mechan-
isms are often not efficient enough to eliminate a
drug with a minimum of harmful effects. The re-
sulting chemical alteration may at times produce a
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substance more toxic than the original compound,
as is the case, for example, with the detoxication
of fluoroacetate.
The mechanism for eliminating undesirable sub-

stances from the body is called detoxication, the
processes of which can be divided into two main
phases.48 The first is the oxidation, reduction or
hydrolysis of the material, which may result in the
activation of a biologically inactive compound,
alteration of the substance's activity or the inac-
tivation of active compounds. We still have very
little information as to the clinical significance of
this phase. The second phase is ordinarily an in-
activation process with the occasional exception
of what has been called "lethal synthesis." This
phase consists of one of various methods of con-'
verting the compound into a product which the
kidneys, or perhaps the liver, can excrete. Under-
standing this latter phase has become of great clin-
ical importance to pediatricians. This phase is the
conjugation of the compound with various sub-
stances such as glucuronic acid, glycine, sulfate and
acetate. Conjugation with glucuronic acid has as-
sumed major clinical significance in the past few
years, and we know that the two enzymes that bring
about this reaction, glucuronyl transferase and
uridine diphospho glucose dehydrogenase, are pres-
ent in low concentration in premature and full-term
infants during the first few days of life.725 The
enzyme level bears a direct relation to the body's
ability to excrete bilirubin and thus to the produc-
tion of kernicterus in the neonatal period.
We also know that certain drugs can influence this

portion of bilirubin metabolism by interfering with
its conjugation with glucuronic acid or with the
binding of bilirubin to serum albumin, which is a
preliminary step to conjugation. Synthetic prepara-
tions of vitamin K when given in large doses to the
mother have resulted in potentiation of serum hyper-
bilirubinemia.113"8'26 This is primarily the result
of increased hemolysis; probably related to an in-
stability of blood glutathione' in newborns and
premature infants with subsequent leakage of
potassium from the red cell. The glutathione seems
necessary for maintenance of the gradient in con-
centration of the two sides of the cell membrane.
The elevated serum bilirubin places a heavy load on
the poor conjugating mechanism in these infants.
The long-acting sulfa drugs such as sulfame-

thoxypyridazine (Kynex®) and sulfadiamethoxine
(Madribon®) can persist for days in detectable con-
centrations in the blood of newborn infants after
administration to a mother before delivery.30'38 This
can interfere with bilirubin conjugation and excre-
tion by displacing the bilirubin from its protein
binding. The free "indirect" bilirubin can then
apparently injure the extrapyramidal nuclei of the

brain. Kernicterus has resulted at bilirubin levels
of 12 to 15 mg. per 100 cc. in newborns who re-
ceived sulfa therapy. The salicylates and phenergan
can act in a manner similar to that of the sulfas,
although evidence that they can have a deleterious
effect when given to mothers before delivery is not
available as yet. Chlorpromazine (Thorazine®) may
possibly interfere with bilirubin metabolism by bind-
ing of serum albumin. It is a common drug in use
for the analgesia of labor, in combination with other
drugs, and will have to be evaluated for this possi-
bility of toxicity to the fetus.

Chloramphenicol has been shown to be conjugated
with glucuronic acid in the course of its elimination
from the body, and in the newborn this reaction
may be delayed.9'24'46 The hydrolyzed free chloram-
phenicol is toxic, and has been shown to cause an
increased neonatal mortality when used in dosages
over 50 mg. per kilogram of body weight per day
or 25 mg. in newborn infants or 25 mg. per kilo-
gram per day in premature infants. It apparently
passes the placenta poorly, which may be the reason
for its seeming innocuousness when used during
pregnancy.

Certain drugs have been noted to produce ill
effects on the fetus when administered earlier in
pregnancy. Our present criteria for recognizing
such effects are very crude; but even so, we have
evidence of a potent teratogenic effect of the anti-
cancer and antileukemic drugs, and a definite effect
of the antithyroid drugs as well as radioactive
iodine. The masculinization of newborn girl babies
by various hormones given to mothers early in
pregnancy is also well documented.

Aminopterin is perhaps the best known of the
drugs with teratogenic effects. Because of its pro-
nounced toxicity to the fetus, it has been used by
some physicians to induce therapeutic abortions.32
However, some hardy fetuses have survived this
therapy and have had extensive malformations at
birth. Other drugs in this general class have been
incriminated, and in animal experiments several
have produced fetal death or malformations. Smith37
reviewed these studies well. This effect seems to be
directly related to dosage. Cortisone has been shown
to produce malformations in rats when given in high
dosage. There is no evidence that ill effects on the
fetus have occurred in humans. Radioactive iodine
has resulted in fetal death and extensive malforma-
tions. Goldstein14 reported a case of a woman with
metastatic thyroid carcinoma who had I'31 therapy
and six days later was delivered by hysterotomy
of an 18 weeks old fetus. The infant was malformed
and its thyroid gland was found to contain a large
amount of radioactive iodine. Valensi44 reported
a woman treated for toxic goiter with I131 who
subsequently stopped menstruating, had an unevent-
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ful pregnancy and was delivered of a premature
infant with extensive congenital anomalies that died
shortly after birth. These instances would suggest
that radioactive iodine is a dangerous drug for the
fetus.

There is ample evidence that iodides and the
thiouracils may produce goiter or hypothyroidism
in the fetus.6"1"27'34 From the pediatrician's point
of view a little hyperthyroidism is much preferable
to the attendant increased fetal mortality and in-
cidence of malformations seen in infants born to
hypothyroid mothers (that is, hypothyroidism not
secondary to surgical operation). It is of interest
in connection with the effect on the fetal thyroid
that the thyroid tissue in the fetus does not seem
to take up iodine during the first three or four
months of gestation.2'28

Androgens, progestins and estrogens have all
been incriminated as producing masculinization of
female newborn infants of some mothers who had re-
ceived the hormone during early gestation.4'5"7'29'43
There has been some reluctance to accept that estro-
gens are a cause of this induced adrenogenital
syndrome, but that the other substances are culpable
is well documented. It has been shown that until
after the seventh month of gestation, very little
estrogen enters the fetal circulation in the normal
situation. The criteria set down for a diagnosis of
masculinization secondary to maternal hormone
therapy are an exposure to one of these drugs
during the pregnancy, a female sex chromatin pat-
tern of the infant, normal urinary 17-ketosteroids,
and no progression of the clinical manifestations.19
These infants may have anatomic abnormalities of
the external genitalia, although there are no reports
of an abnormality of internal organs. One interesting
case has been reported of an infant whose mother
during gestation had received large doses of testos-
terone for 51 days early in pregnancy.17 The infant
had scrotal rugae, and urinated through the tip of
a small phallus. The uterus, tubes and ovaries were
normal. The sex chromatin pattern was female, and
the urinary 17-ketosteroids normal.

One realizes of course that these drugs are com-
monly given to pregnant women and only oc-
casionally do the foregoing manifestations occur.
This suggests that there may be an abnormality of
the mother's ability to metabolize progestins,
androgens or estrogens respectively, or in the trans-
mission of the hormone across the placenta.47
An interesting phenomenon described in the

recent literature is the occurrence of withdrawal
symptoms in infants born to mothers addicted to
narcotics.22'23'36'39 In such cases the mothers usually
had had injections of the drug within a week of the
delivery. The picture is a characteristic one: The
infant is decidedly irritable, may be flushed, and

has a high-pitched, constant, cerebral cry. Con-
vulsions may occur. The mortality rate in such
infants is definitely increased unless the condition
is recognized and promptly treated. This diagnosis
may be difficult because of attempts to conceal the
addiction. Infants born to mothers addicted to
alcohol may show milder symptoms suggesting a
similar withdrawal syndrome.
The barbiturates are a group of drugs capable

of severely depressing the fetal respiratory centers.
A study of pregnant women in the fourth to the
seventh month of gestation who had hysterotomy
for various reasons after receiving an ordinary
sedative dose of the drug showed that the concen-
tration in fetal blood reached an equilibrium with
maternal blood within as little as 30 minutes after
an intramuscular injection. The elimination of the
drug was as prompt with the fetus as with the
mother. The transfer of pentothal after intravenous
injection has been shown to occur almost immedi-
ately. Fetal blood concentration was found to be 74
per cent of that in the maternal blood level one
minute after injection. This certainly makes pento-
thal seem worthy of great respect, although a number
of reports recommend it as a good obstetrical
anesthetic agent in selected cases. There has been
no evidence of appreciable fetal depression when
the drug was given by physicians experienced in
its use.
A number of other drugs have been observed to

produce undesirable effects on the fetus when given
to the mother. Reserpine in 16 per cent of 77
mothers who received the drug before delivery
caused considerable nasal stuffiness in the newborn
infant.8 This may result in feeding difficulties for
the first few days of life and is ameliorated by
decongestant nose drops administered for two or
three days. Veratrine may produce fetal bradycardia.
Hexamethonium may cause symptoms in the new-
born identical to those of intestinal obstruction. A
careful history can prevent an unnecessary opera-
tion.45

Dicumarol and related anticoagulant drugs may
produce intracranial bleeding with possible perma-
nent brain damage.42 Phenobarbital, the sulfa drugs
and salicylates may cause bleeding in the fetus when
given to mothers during pregnancy; this in some
cases has been associated with a decreased level of
Stuart factor.

Tranquilizers can potentiate analgesics and in-
crease central nervous system depression.20 Nalline
also can be a depressant, especially when given in
conjunction with ether anesthesia. However, it can
be lifesaving to the infant depressed from morphine
or its derivatives administered during labor.

Nicotine has been said to produce premature beats
in the fetus. Digitalis is relatively nontoxic and
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little of a pharmacological dose passes the placental
barrier; what little does pass is for the most part
chemically altered and its effect greatly reduced.
However, when related to concentration by weight of
cardiac tissue, the fetal heart has a concentration
at least equal to maternal tissue levels.10"86
The effects of the various anesthetic gases as de-

pressants are well known and need no repetition
here.""

Pharmacological studies of the antibiotics in gen-
eral have shown that they pass the placenta fairly
easily, although the fetal concentration is usually
from one-half to two-thirds of the maternal blood
concentration. There is a report of a case in which
penicillin given to a mother caused severe anaphy-
lactic shock which resulted in fetal death. This
occurred in the ninth month of gestation.2' An in-
teresting case report which appeared in 1958 sug-
gests that streptomycin passes the placenta and may
result in deafness in the infant.3 The child's mother
in that case received the streptomycin for tubercu-
losis therapy.
While further investigation in the area of drug

effects on the fetus continues, we must exercise
great caution in the use of chemical therapy during
pregnancy. We are fortunate that common drugs
such as aspirin and phenobarbital have not produced
more problems. Because the use of drugs during
pregnancy is increasing rapidly, obstetrical and
pediatric histories must include detailed reference
to any therapy given, especially when complications
arise in the fetus or newborn.

University of California at Los Angeles Medical Center, Los An-
geles 24.
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